Interest Rate Pass-through
Consequently, those fi ndings may provide misleading information for policymakers in designing policy strategies, which ultimately could result in sub-optimal policy decisions.
The analysis thoroughly explores banks' heterogeneities in the size and speed of setting their lending rates conditional on changes in the reference rate and provides useful information for policymakers to better design monetary policy measures and instruments. In this way, our fi ndings may help policymakers to increase the effectiveness of the interest rate channel by targeting those banks that impede the transmission process and/or by taking other regulatory measures that may increase the effectiveness of the interest rate pass-through.
Theoretical Background and Assessment of Empirical Studies
We follow the mark-up pricing model by Rousseas 2 and Ho and Saunders 3 of how banks set their retail rates. This is a mark-up pricing model designed for an imperfectly competitive banking sector, since it is argued that banks exhibit some degree of market power. This may especially apply for the CSEE, because their fi nancial systems are still underdeveloped, bank-dominated and highly concentrated. 4 The starting argument of the mark-up pricing theory is that banks in the loan market are price setters and are modelled to set their retail interest rates as a mark-up
The objective of this study is to examine aggregation bias in the case of the interest rate pass-through in the Republic of Macedonia, a small open transition economy with fi xed exchange rates. To this end, bank-level data are used to examine differences in the speed and size of the long-and short-run adjustments of banks' lending rates to changes in the "cost of funds" rate. Additionally, we explore asymmetries in the adjustment of lending rates when the reference rate increases or decreases.
The rationale for examining the aforementioned issues using bank-level data is to investigate whether the results reported in the previous empirical literature based on aggregated data are prone to aggregation bias. For example, the empirical studies that investigate the interest rate pass-through in the Macedonian banking sector imply that it is incomplete in the short run but complete in the long run. 1 However, as these studies are conducted using aggregated data -like many other studies for Central and Southeastern Europe (CSEE) -we argue that they may suffer from aggregation bias (discussed below).
Interest Rate Pass-through
The results presented in Weth 10 suggest the homogeneous and almost complete long-run adjustment of lending rates to changes in the cost of funds rate, whereas the size of short-run adjustment is estimated as heterogeneous among various banks. Regarding the speed of adjustment, the results reveal that it is quite sluggish and differs among banks, ranging from -0.1 to -0.3. Different fi ndings are presented in Mueller-Spahn, 11 where results indicate not only a signifi cant heterogeneous short-run adjustment but also a heterogeneous long-run adjustment of lending rates to changes in the cost of funds rate.
Concerning the Italian banking system, the analyses by Cottarelli et al. 12 and Gambacorta 13 indicate a signifi cant heterogeneous and sluggish short-run adjustment of lending rates to changes in the cost of funds rate. The size of the short-run pass-through multipliers in Gambacorta 14 are estimated between 0.3 and 0.6, whereas the passthrough multipliers among various banks in Cottarelli et al. 15 are not reported in the paper. In contrast, the longrun adjustment of lending rates is estimated as complete and homogeneous among banks in both studies, a fi nding consistent with what Weth 16 found in Germany.
The results by de Graeve 17 indicate heterogeneous sizes of long-and short-run adjustments of lending rates among Belgian banks, which is in line with the analysis by Mueller-Spahn 18 for Germany. The heterogeneity is more pronounced in the short run than the long run. In a similar manner, the study by Lago-González and Salas-Fumás 19 indicates heterogeneous and quite rigid longand short-run adjustments among Spanish banks. For the case of the Polish banking system, the research conducted by Chmielewski 20 also implies a different speed and size of long-and short-run adjustments of lending rates to changes in the cost of funds rate, which is in line with 10 M.A. We t h , op. cit. 11 S. M u e l l e r-S p a h n , op. cit. 12 C. C o t t a r e l l i , G. F e r r i , A. G e n e r a l e : Bank lending rates and financial structure in Italy: a case study, International Monetary Fund Working Paper, No. 95/38, 1995. 13 
where i is the interest rate on loans, u represents the unit prime or variable costs and k is the mark-up margin over the prime or variable costs.
According to Rousseas 5 and Ho and Saunders, 6 the prime or variable costs are determined by the variations in the costs of funding their lending activities known as cost of funds. These costs represent the interest rates on banks' borrowings in the money market that is assumed to be exogenously determined.
Based on the mark-up pricing model for applied research, de Bondt 7 has redefi ned the retail rate setting shown Equation (1) as follows:
where i is banks' retail interest rate (the loan interest rate), β 1 is the mark-up margin, u is the cost of funds rate and β 2 represents the demand elasticity of deposits or loans, which is the size of the pass-through coeffi cient. According to this equation, variations in retail rates are again determined by the variations in the cost of funds rate, but the extent to which those variations are transmitted to the banks' retail rates depends upon the size of the β 2 coeffi cient. A value of β 2 less than one implies an incomplete pass-through from the cost of funds rate to banks' retail rates. A β 2 coeffi cient equal to unity refers to complete pass-through, and a value greater than one indicates an overshooting.
Regarding the empirical literature exploring the interestrate pass-through at the micro level, most studies focus on advanced economies, while research on the rest of the CSEE is still scarce. A short survey of the most infl uential articles in this area is presented below.
Studies by Weth 8 and Mueller-Spahn 9 examine the interest rate pass-through for the German banking system. Interest Rate Pass-through gated data is composed. If the opposite holds, then the units have heterogeneous behaviour. For the case of the banking sector, banks' differences in adjusting their lending rates may arise from their different market strategies, funding sources and fi nancial characteristics. In that respect, the ultimate objective of this paper is to examine whether there are any differences and asymmetries in the speed and size of long-and short-run adjustments of lending rates among banks.
In order to test whether condition (H 0 ) holds, we need bank-level estimates of the size and speed of adjustment. By assessing the stationarity of the interest series and the existence of a cointegration relationship, we employ a pooled model based on Engle-Granger 25 methodology that disentangles the long-and short-run relationships among the variables. More precisely, we fi rstly tested the order of integration of the interest series by applying various panel unit root tests (Im-Pesaran-Shin, 26 Fisher 27 and Hadri 28 tests) by subtracting the cross-sectional means from the series in order to control for the cross-sectional correlation among the units that provides some effi ciency gains. 29 Secondly, we tested for the existence of a cointegration relationship among the interest rate series by performing panel cointegration tests (Pedroni 30 and Kao 31 ). Nine out of eleven of Pedroni's test statistics pointed to rejection of the null hypothesis of no cointegration at the 1% level, and the other two pointed to rejection of the null hypothesis at the 10% level. Consistent fi ndings are obtained from the Kao cointegration method, implying that the interest rate series are cointegrated.
The empirical model specifi cation for the long-run passthrough based on Equation 2 is as follows:
where j and t are bank and time subscripts respectively; i jt is the banks' lending rate of loans denominated in domes-25 R.F. E n g l e , C.W.J. G r a n g e r : Co-integration and error correction: the aforementioned fi ndings for the German and Belgian banking systems. A more recent study conducted for the Czech banking system by Horváth and Podpiera 21 reveals a homogeneous long-run reaction function of the banks in adjusting their lending rates but a heterogeneous shortrun reaction function.
In general, the fi ndings of the empirical analyses that use bank-level data differ considerably among each other, which may be due to the sample considered, the estimation method employed or the time span used. A general possible drawback of the majority of the assessed studies may be related to the estimation method used. For example, these studies may provide ineffi cient estimates because they do not control for the cross-sectional correlation among the units that is expected in the case of the banking sector, because banks' activities may be related. Accordingly, we tackle this issue by controlling for the cross-sectional correlation among the units for which we use the Seemingly Unrelated Regression (SUR) model that has been specifi cally developed for that purpose (see below). Thus, from the methodological point of view, employing this model is a major value added of this research.
The Essence of Aggregation Bias Hypothesis and the Econometric Method Used
The basic assumption of the aggregation bias hypothesis is that the individual units from which the aggregated data is composed may be individuals with heterogeneous behaviour. 22 Consequently, by estimating the economic relations with aggregated data, the individual behaviour is suppressed, i.e. it may be hidden in the disturbances of the model based on aggregated data. 23 This may result in biased estimates. A simple method of testing the aggregation bias hypothesis according to Zellner 24 is to test the condition (H 0 ): Interest Rate Pass-through assumption will be tested by performing the Breusch-Pagan 36 test for the contemporaneous correlation of error terms). Employing the SUR model for estimating the ECM with pooled data is called a seemingly unrelated regression error correction model (SURECM).
Data
We use monthly data for the period January 2002 -December 2010. All data series used in this paper are taken from the National Bank of the Republic of Macedonia (NBRM), which are not publicly available. We have 108 observations per bank for a sample of 14 banks that have operated continually during the analysed period (a total of 1512 observations). These banks had a loan market share of around 92% during the entire period of analysis. The reason for using a balanced panel is that a SURECM estimation requires a balanced data structure.
We use the interest rate series on banks' outstanding loans for each bank separately. We use an interest rate series denominated in domestic currency. The interest rate series includes both corporate and household sectors. Another limitation of the interest rate series is that it includes all types of loans, regardless of their purpose, because data disaggregated by loan purpose are not available. Regarding the cost of funds rate, we use the weighted average MBKS, which comprises all transactions with different maturities at the money market rate that are also denominated in domestic currency. The money market transactions have a maximum maturity of three months, but more than 90% of the transactions have a maturity of up to one month. The summary statistics of the interest rate series are presented in Table 1 .
Results
The long-run pass-through estimates based on Equation 4 are presented in Table 2 . All bank-specifi c regressions and the model as a whole are statistically signifi cant at the 1% level. The independent variable (the MBKS rate) is individually and jointly statistically signifi cant in all bankspecifi c regressions at the 1% level. The sign of the longrun pass-through multipliers is positive as expected, but the magnitude of the coeffi cients differs among banks, ranging from 0.5 to 1.2. In order to investigate whether the long-run pass-through multipliers statistically differ and whether the condition (H 0 ) can be statistically justifi ed, we performed an F-test for joint equality of the coeffi cients. 36 T. B r e u s c h , A. P a g a n : The Lagrange multiplier test and its applications to model specifi cation in econometrics, in: Review of Economic Studies, Vol. 47, No. 1, 1980, pp. 239-253. tic currency; β 0j is the bank-specifi c intercept term; u t is the cost of funds rate, i.e. the Macedonian money market rate (MBKS); β 1j is the size of the pass-through coeffi cient;
and ε jt are white noise residuals.
We estimate the short-run relationship and the speed of adjustment of interest rate series using an error correction model (ECM):
where ∆ denotes the fi rst difference operator; γ 0j is the constant of the short-run relationship model; γ 1j is the size of the short-run multiplier; γ 2j is the speed of adjustment, the error correction term (ECT); and v jt are white noise residuals. In order to test for any asymmetries in the size and speed of adjustment of lending rates in Equation 5 when the cost of funds rate increases or decreases, we follow Égert et al. 32 and set the following specifi cation: (6) where I(·) is an indicator function that takes value 1 if the argument is true and 0 otherwise. In order to test whether the impact multiplier and the ECT are statistically different (asymmetric) when the money market rate increases or decreases, we use the F-test for the following restrictions: γ 3j = γ 6j ; γ 4j = γ 7j ; γ 5j = γ 8j for all j
Following Rapach and Wohar 33 and Sørensen and Werner, 34 we employ a pooled two-step estimation method. In estimating the long-run pass-through coeffi cients (Equation 4), where the regressor is identical across the cross-sectional units, we apply ordinary least squares. In estimating Equation 5 Interest Rate Pass-through tive sign and ranges between 0.2 and 0.6. This reveals that when the money market rate decreases by 100 basis points, banks reduce their lending rates from 20 to 60 basis points. Assessing the speed of adjustment, the ECT term is individually and jointly statistically signifi cant for all banks at the 1% level. Its magnitude statistically differs across the banks, ranging between -0.1 and -0.2, implying heterogeneity in the speed of adjustment, indicating again that condition (H 0 ) cannot be justifi ed. Regarding the speed of adjustment, the F-test results reveal that it is asymmetric only for fi ve banks in the sample, indicating that the speed of adjustment of these banks varies depending on whether the cost of funds rate increases or decreases.
Comparison of the Results Based on Aggregate Data
The results of the empirical studies based on aggregated data for the case of Macedonia 37 suggest that the size of the long-run multiplier is equal to 1, the impact multiplier is low (estimated around 0.05) and the speed of adjustment is sluggish (around -0.1). Additionally, Velickovski 38 did not fi nd any asymmetries in the size and speed of the adjustment of lending rates for the aggregate data set.
In this study we fi nd both heterogeneity and asymmetries in the size and speed of the short-run adjustment of lend- The F-test results indicate that the null hypothesis of their joint equality can be rejected at the 1% level, which implies that in the long run banks adjust their lending rates to changes in the cost of funds rate differently.
The short-run pass-through estimates based on Equation 5 and the detection of an asymmetric adjustment of the impact multiplier and the ECT based on Equations 6 and 7 are presented in Table 2 . The results suggest that all bank-specifi c regressions and the model as a whole are statistically signifi cant at the 1% level. The results of the Breusch-Pagan test reject the null hypothesis of zero contemporaneous covariance dependence between the errors from each equation at the 1% level, implying that there is some effi ciency gain from employing the SURECM method.
By performing the F-test to detect the asymmetry in the size and speed of adjustment (Equation 7), we found that at the 1% level for all banks there is an asymmetric size of short-run adjustment when the "cost of funds" rate increases/decreases. Nonetheless, the F-test results reveal that the impact multiplier is jointly statistically insignifi cant when the money market rate increases, whereas it is jointly statistically signifi cant at the 1% level when the money market rate decreases. This indicates the heterogeneous and asymmetric short-run adjustment of lending rates. Therefore, condition (H 0 ) does not hold. When analysed at the level of individual banks (where the impact multiplier is individually statistically signifi cant), it has a posi- Interest Rate Pass-through Panel A: F-test for the joint signifi cance of the ECT variable in all bank-specifi c equations: F (9, 1418) = 13.81; p= 0.000; F-test for parameter equality of the ECT among each bank: F (8, 1418) = 4.03; p = 0.000. Panel B: F-test for the joint signifi cance of the ECT when ECT > 0 in all bank-specifi c equations: F (5, 1418) = 8.45; p = 0.000; F-test for the joint significance of the ECT when ECT < 0 in all bank-specifi c equations: F (5, 1418) = 9.56; p = 0.000; F-test for the joint equality between ECT when ECT > 0 and ECT < 0 in all bank-specifi c equations: F (9, 1418) = 3.33; p = 0.000; Tests for all banks in the sample: jointly for those with symmetric and asymmetric ECT; Adjusted R-squared of the whole model: 0.14; F-test for the overall signifi cance of the whole model (p-value): 0.000; F-test for the joint signifi cance of the dMBKS variable when dMBKS > 0 in all bank-specifi c equations: F (1, 1418) = 0.00; p = 0.982; F-test for the joint signifi cance of the dMBKS variable when dMBKS < 0 in all bank-specifi c equations: F (1, 1418) = 23.87; p = 0.000; F-test for the joint equality between dMBKS variable when dMBKS > 0 and dMBKS < 0 in all bank-specifi c equations: F (1, 1418) = 10.07; p = 0.002; Breusch-Pagan test for the contemporaneous covariance independence between the error terms in the whole system: chi2 (91) = 393.802; p-value = 0.000. N o t e s : ***, ** and * denote statistical signifi cance at the 1%, 5% and 10% level respectively.
S o u r c e : Authors' calculations based on NBRM data. ing rates among banks as well as heterogeneity in the size of long-run adjustment. Moreover, using an F-test we tested the null hypothesis that the long-run pass-through multipliers are statistically equal to 1 for all banks in the sample, which was rejected at the 1% level (see Table 3 ). All of these fi ndings suggest that the previous estimates of the speed and the size of long-and short-run passthroughs conducted using aggregate data may suffer from aggregation bias.
Conclusions
The aim of this paper was to examine aggregation bias in the case of the interest rate pass-through. The results presented in this paper in general support the aggregation bias hypothesis in the existing literature. More precisely, this research provides statistical evidence that banks in Macedonia react differently in setting their lending rates when the cost of funds rate changes in both the long and short run. Moreover, the results show asymmetric short-run adjustments for all banks and asymmetric speeds of adjustment for some banks in the sample, conditional on the direction of the change of the cost of funds rate. Further evidence in support of the aggregation bias hypothesis is provided by a comparison of the bank-level estimates with the ones from previous empirical studies based on aggregated data, implying that the bank-level estimates substantially differ from those based on bank-level data.
All empirical fi ndings presented in this paper suggest that banks are agents with heterogeneous behaviour, and consequently, the results of the previous studies based on aggregated data may be biased due to the suppression of banks' individual lending rate-setting behaviour. Thus, in order for the interest rate pass-through to become more effective, the central bank should target those banks that have sluggish short-and/or long-run pass-through multipliers. This could be done by introducing various regulatory requirements. An interesting direction for future research would be to investigate how past regulatory requirements have affected the transmission mechanism, whether those regulatory requirements have caused any distortion in the banking sector and which banks have been most severely affected. For example, the incomplete and different reactions of banks in adjusting their lending rates to changes in the reference rate may be a consequence of their balance sheet adjustments due to regulatory frameworks previously imposed by the central bank. An additional question for further research is how banks' fi nancial characteristics affect their lending rate-setting behaviour, which is beyond the scope of this paper.
